INTRODUCTION
The problems of estimation and reconstruction of trip matrices are difficult and actual problems in transportation researches. In general, trip matrices estimation and reconstruction are different problems and their solutions can be unequal [1] . One of the first mathematical models of a trip matrix estimation developed in the end of XX century was formulated as a bi-level program [2] . Despite numerous publications, this problem is still pressing scientific issue that require further research [8] . Among the recent results in this area the paper [3] should be mentioned, since in this article authors consider the problem of trip matrix and path flow reconstruction and estimation by combining data from plate scanning and link flow observation. A detailed comparative analysis of the three methods of trip matrix estimation (a method of linear programming, Bayesian approach, the * postgraduate student of applied mathematics and control processes faculty † Cand. Sci., assistant of applied mathematics and control processes faculty Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, to republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. IWAIT '15, Oct. 8 -10, 2015, Aizu-Wakamatsu, Japan. Copyright 2015 University of Aizu Press.
method of time-varying network tomography) was made in [4] . The actual size of transportation networks are very large and it is reasonable to formulate the problem of minimizing the number of sensors [5, 6] . In [7] a new model based on Total Demand Scale is developed.
The important practical implications on an efficient estimation of traffic flows by using plate scanning sensors was made by [3] . However, the problem of the optimal sensors location in terms of maximum observation of traffic flows has been never considered. This paper deals with a such formulation and, simultaneously, proposes a model of plate scanning sensors location, that ensures the effective application of the Castillo method [3] .
THE OPTIMAL PLATE SCANNING SEN-SORS LOCATION
We assume that the plate scanning sensor could identify the plate of a vehicle on the lane where the sensor has been installed. Consider the transportation network presented by digraph G = (N, A), N -set of vertices, A -set of arcs. We introduce the following notation: W -set of OD-pairs, w ∈ W ; K w -set of routes between OD-pair w, w ∈ W ; qa and ca -number of sensors and number of lanes on the arc a ∈ A corresponding; q = (. . . , qa, . . .); A k -set of arcs belonging to the route k ∈ K w , A k ⊂ A;f k -a priori traffic flow through route k ∈ K w . The probability of identification of a vehicle on the arc a ∈ A with ca lanes is qa ca , ∀a ∈ A. We assume that the random events of plate identification on a sequence of arcs are independent. The goal could be formulated as follows:
where R is for origins and S -for destinations. Thus we maximize the probability of fixing traffic flows throughout the route. At the same time, the condition that at least one arc in each path is scanned, could be given by the following inequality:
The existence of at least one scanned arc, belonging to the route k1 and not belonging to any other route k2, is guar-anteed by the following constraint:
Consider the budget constraint, where Q -the number of available sensors:
The number of sensors on the arc should not exceed the number of lanes:
0 qa ca, ∀a ∈ A.
So, we formulated the integer program on a limited set of solutions. The solution of this problem exists when the set of possible solutions is not empty.
COMPUTATIONAL EXPERIMENT
Consider a multi-lane traffic network of Saint-Petersburg city center. We define nine areas of origin-destination ( fig. 1) , nine routes between pairs of origins and destinations and, hence, 21 arcs ( fig. 2 ). We define the number of lanes ca and a priori traffic flows f k on the available routes. Then we calculate optimal plate scanning sensors location for the different budget constraints varying budget values from 0 to 50. Since there is the optimization problem with nonlinear functional and linear constraints, we employ fmincon-function in a software environment MatLab. The dependence between the observed flows value and the number of sensors located on the network are presented on the fig. 3 . (5) and (2), and then all constraints (2) 
Conclusion
The article is devoted to the problem of optimal location of traffic plate scanning sensors on the network. A brief review of the literature is carried out and the method of Castillo is recognized. To increase the efficiency of the Castillo method, an original model of optimal location of plate scanning sensors on the network of general topology is developed. The developed model allows to maximize probability of identification of the most significant traffic flows throughout the corresponding routes. We obtained the following theoretical and practical results:
• a deterministic model of optimal plate scanning location on the network of general topology;
• an algorithm for solving deterministic problem of the sensors location;
